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New phylogenetic studies of minuscule worms reveal interesting perspectives about animal body plan
evolution, but were early bilaterian animals large or small?Animal evolution is only fully understood
in the light of a well-resolved phylogeny.
Originally, the reconstruction of animal
phylogeny was based on comparative
anatomy, focussing on embryological,
larval and some adult features [1]. The
advent of molecular sequencing
introduced an independent means of
reconstructing phylogeny [2]. Some
interesting patterns emerged: annelids
and arthropods had usually been
assumed to be closely related due to
their common segmented body plan,
but in these molecular analyses they
were consistently found in two distinct
clades. Arthropods form a clade of
moulting animals (Ecdysozoa) together
with nematodes, nematomorphs,
priapulids, kinorhynchs [3] and the
recently discovered loriciferans, while
annelids form a clade (Spiralia or
Lophotrochozoa) [3] together with a
bewildering number of phyla, including
molluscs, flatworms, and brachiopods,
to name just a few.
This new view of animal phylogeny has
survived until today, and has been further
substantiated and improved [4–6].
However, many questions still linger: is
the most basal branch of metazoans a
comb jelly, or a sponge? Where do the
Xenacoelomorph flatworms or
chaetognaths (arrow worms) sit in the tree
of life? Many groups have not been
sampled in any representative manner
and the phylogeny within those groups is
still a matter of debate. In particular, the
baffling array of small-bodied spiralians
(e.g. gnathostomulids, rotifers and
gastrotrichs; Figure 1) has been neglected
in most studies, mostly due to the
difficulty in collecting and identifying
these organisms. Therefore, only a few
representatives have until now beenR762 Current Biology 25, R753–R773, Augusincluded and presented themselves as
unstable taxa in the phylogenetic
reconstruction, as they also generally
exhibit higher mutation rates in their
genes. The avoidance of these small
taxa, treating them as problematica that
are best ignored, presents major
uncertainties when considering the
morphological evolution of animals and
reconstructing ancestral bodyplans [7].
Two new studies, published in Current
Biology, now fill some of these gaps in
animal phylogeny. Torsten Struck and
co-workers [8] have focussed on a suite of
interstitial worms considered annelids
while another study by Chris Laumer and
co-workers [9] has been focusing on a
larger collection of small bodied taxa
belonging to spiralians (Lophotrochozoa)
and ecdysozoans.
A general trend is that worms
(echiurans, myzostomids, sipunculans,
siboglinids) formerly considered distinct
phyla based on morphology alone have
crept inside the annelid families as
molecular phylogenies appeared.
Therefore, we now know that these
worms must have lost several of the
fundamental characteristics of annelids.
A similar debate surrounded a number of
interstitial worms (small bodied animals
that live in between sediment grains),
colloquially referred to as the
‘archiannelids’. Are they really annelids
[10]? Are they basal or derived,
monophyletic, polypyletic or
paraphyletic? Struck et al. [8] have
managed to assemble and sequence an
impressive diversity of these tiny
archiannelids and analysed a large
amount of sequence data. They recover
two distinct clades, deeply nested within
annelids, and can therefore reject the
notion that these worms represent thet 31, 2015 ª2015 Elsevier Ltd All rights reservedancient origin of annelids, which could
have been upheld if they formed a
paraphyletic grade with respect to all
other annelids. Instead, these worms
appear to have been secondarily reduced
in size as they evolved to live between
sediment grains. Struck et al. [8]
furthermore discuss the likely pathways
to reduction in body size in each group.
One pathway to becoming small is
through progenesis, which is when
organisms become sexually mature in
juvenile or even larval stages [11].
Indeed, Struck argues that in one clade,
the Orbiniidae, evolution of small body
size proceeded through progenesis,
while the other clade appears to
have evolved through successive
miniaturisation, as they resemble adult
forms that simply are smaller than their
close relatives.
Laumer et al. [9] focussed primarily
on expanding the sampling of small-
bodied spiralians, which largely have
been missing or poorly represented
in former studies. They included
5 gastrotrichs, 12 rotiferans, the
enigmatic micrognathozoans, 2
gnathostomulids and among the
ecdysozoan outgroups they also included
a loriciferan. Their analyses show that
gnathostomulids, micrognathozoans
and rotifers form a clade, which is
also justified based on their anatomy,
such as their small chitinous jaw
apparatus. Gastrotrichs group with
the flatworms (Platyhelminthes), a diverse
group of worms that range from
large bodied to minuscule and
from free-living to parasitic. Within
flatworms, the parasites are the most
derived, and within the free living forms,
two rather small clades are successive
outgroups to the remainder: the
Figure 1. Small worms with different evolutionary trajectories.
To the untrained eye, these submillimetric worms might all look the same. Two studies in Current Biology
[8,9] have now found an evolutionary home for these interstitial denizens. Several annelid groups have
secondarily simplified their body plans in the process of miniaturisation, rendering them more or less
recognizable. Nerilids (A) exhibit unequivocal annelid features, such as palps, antennae and chaetae,
while Diurodrilids (B) have had a debated history. Meanwhile, gnathiferans such as Limnognathia (C)
and gastrotrichs (D) form the most basal branches in the spiralian tree of life, begging the question if
they couldn’t be primitively small and thus suggest that the spiralian ancestor was tiny as well. Images
courtesy of Katrine Worsaae.
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[12]. Thus, a possible scenario is that
flatworms evolved from small ancestors,
and secondarily evolved larger body sizes
and parasitism.
Two successive branches at the base
of Spiralia, therefore, appear to consist of
small-bodied forms, many of which are
interstitial. This begs the question of
whether the ancestor was also originally
small. In spite of the many unequivocal
cases of secondary miniaturisation
observed across the tree of life of animals
[11], the basal branching of these groups
in Spiralia does indeed provide some
intriguing evidence in favour of this
hypothesis. Why does it matter? Well, if
the ancestor to deuterostomes,
ecdysozoans and spiralians was simple
and small, then the bilaterian ancestor
was very likely so also. Thus, several
organ systems and complex anatomies
that are thought to be conserved
between, for example, vertebrates,
annelids and arthropods, such as a
tripartite brain [13] or segmentation [14],
cannot be upheld if the ancestor was
small-bodied with a much simpler
anatomy. A major limitation in scenarios
developed from EvoDevo research,
which foster many of such hypotheses,
is the focus on a few, very derived
model systems, which impede a
confident assessment of convergent
morphologies and true homology.
Strong hypotheses for bodyplan
evolution necessitate a more holistic
overview across phyletic groups, as has
been performed in these two recent
studies.
From a palaeontological perspective
these implications are also very important
in order to understand the pattern and
timing of animal evolution and the nature
of the Cambrian explosion. The sudden
appearance of animals in the fossil record
in the latest Ediacaran and Early
Cambrian (560–520 million years ago)
have been thought to reflect a genuine
radiation of all bilaterally symmetric
animals, which were coelom-bearing,
large bodied and readily fossilizable [15].
However, relaxed molecular clock
analyses generally recover older
estimates for divergence times among
bilaterian groups [16], but with few
noticeable traces until about 555 million
years ago [17]. If ancestral bilaterians
were indeed small-bodied forms, theirCurorigin could be older than the fossil record
of animals, which is restricted almost
entirely to hard bodied taxa, or forms that
can leave sizeable trails. Instead, the
Cambrian explosion may reflect the
appearance of macrophagous predation
[18]. It has been argued that evolving an
interstitial life-style could be a refugium in
a fast-pacing predator-prey landscape. It
is therefore possible that many archaic
lineages survived as miniaturised forms
as other, macroscopic organisms
became successful.
But caution is advised before rewriting
the textbooks. All these interstitial
organisms exhibit particularly high
substitution rates in their gene sequences
as is exemplified by their long branches
in the depicted phylogenetic trees,
compared to the large-bodied taxa [9],
which can be double to triple the length.
Several artefacts can occur with such
data, such as long branch attraction
where long branched (higher mutation
rate) taxa cluster due to the random
occurrence of similar site identities [19].
Indeed, Laumer et al. [9] show that using
less realistic models in a Maximum
Likelihood framework results in a
monophyletic clade of gnathiferans,
gastrotrichs and flatworms, while also
bryozoans, entoprocts and cycliophorans
are pulled together with these. Theyrent Biology 25, R753–R773, August 31, 2015 ªshow that using more complex models
that can take site heterogeneity into
account in a Bayesian framework
resolves some of these issues and
instead gnathiferans, gastrotrichs and
flatworms form a grade at the spiralian
base, which is the crux of the current
study [9]. However, the outgroup is also
a source for long branches, which can
pull such taxa deeper down in the
tree [19]. Until other data convincingly
suggest otherwise, however, these
studies provide the most complete
picture and convincing hypothesis for
bilaterian evolution available, and suggest
that small worms have much more to tell
about animal evolution than meets the
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Plasmids play a key role in bacterial evolution by providing bacteria with new and important functions, such
as antibiotic resistance. New research shows how bacterial regulatory evolution can stabilize bacteria–
plasmid associations and catalyze evolutionary innovation.Plasmids are autonomously replicating,
mobile genetic elements that exist as
small, circular DNA molecules within
bacterial cells [1]. Plasmids are widely
distributed across bacteria, and it is
common for clones from many families
of bacteria to carry multiple different
plasmids within the same cell [2]. Plasmid
genomes consist of ‘core’ genes
that are purely involved in plasmid
transmission and replication, and
‘accessory’ genes that can increase
bacterial fitness under some ecological
conditions [3]. For example, many
plasmids carry antibiotic-resistance and
heavy-metal-resistance genes that
increase bacterial survivaland competitive fitness in the presence
of these toxins. Unlike bacterial
chromosomal DNA, which is only
vertically transmitted from mother cell to
daughter cells, plasmid DNA can also be
transmitted horizontally between even
distantly related bacteria. Plasmids
therefore provide bacteria with potential
access to a vast reservoir of genes, and
horizontal gene transfer mediated by
plasmids acts as a very important
source of evolutionary innovation in
bacteria [4,5]. For example, antibiotic
resistance in many pathogenic bacteria
has evolved by the acquisition of
plasmids carrying antibiotic-resistance
genes derived from distantly relatedenvironmental bacteria, including
many bacteria that actually produce
antibiotics [6].
Although plasmids carry genes that
can potentially benefit their bacterial
hosts, it remains challenging to
understand how plasmids can persist in
bacterial populations over the long
term — an evolutionary dilemma that has
been called the ‘plasmid paradox’ [7].
First, plasmids impose a fitness cost on
their bacterial hosts that generates
selection against plasmid carriage
under conditions in which plasmid
genes do not provide any benefit to the
host [8,9]. In this scenario, selection
acting on the bacteria favours the loss of
